located
in the duct segments, as also noted in the parotid gland.
In sublingual glands, CA-I and CA-II were located in serous demilune, as also in the case of the submandibular gland. In the duct segments, all the isozymes considered in this study were found to be present.
Carbonic anhydrase (CA) Gatalyze the hydration of CO2 and dehydration of H2CO3 (CO2 + H20 < HCO3-H+). These reactions occur at extremely high rates. Two principal carbonic anhydrase isozymes are present in mammalian erythrocytes, a high activity isozyme (CA-II) and a low activity isozyme (CA-I) (Funakoshi and Deutsch 1963; Armstrong et al. 1966 ). These isozymes have also been shown, by immunostaining, to be distributed in mammalian tissue (Kumplainen and Korhonen 1978; Kumplainen 1979; Spicer et al. 1979 ). Moreover, a third distinct CA isozyme (CA-III) has recently been noted in the skeletal muscle of rabbits (Register et al . 1978) , rats (King et al. 1974; Carter et al. 1981) , horses (Nishita and Deutsch 1981 ) and cows (Engberg et al. 1985) . CA-III has poor CO2 hydrase activity and low sensitivity to sulfonamide inhibitors (Carter et al. 1981 ). This special and very low activity enzyme (CA-III) was observed mainly in type 1 muscle fibers from humans (Shima et al. 1983 ), rats (Jeffery et al. 1986 ) and horses (Nishita et al. 1987 ). Vaandnen and Autio-Harmainen (1987) reported CA-III to be located in smooth muscle and myoepithelial cells of certain human tissues . Nishita et al. (1989) also found it in duct segments in submandibular glands of rats and hamsters . Recently, the distribution of CA isozymes in bovine salivary glands and tomach was studied immunohistochemically to determine their biological functions (Asari et al . 1989 ). However, there are no published data on the localization of CA isozymes I, II and III in equine salivary glands.
This study was conducted to determine the immunohistochemical localization of these isozymes in equine parotid, submandibular and sublingual glands.
Materials and methods

Enzymes
Equine CA-I and CA-II were purified from erythrocytes by the method of Deutsch et al. (1972) . Equine CA-III was isolated from muscle by modification of the method previously reported (Nishita and Deutsch 1981) .
A ntisera
The antibody against purified equine CA-I, CA-II and CA-III was produced in rabbits. The specificity of the antiserum was examined by double immunodiffusion and western blotting techniques, as described previously (Nishita et al. 1987 ).
Tissue
For the experiments, two healthy 5 and 6-year-old female Thorougbred horses, offered to the students at our veterinary school for their education , were used. The parotid, submandibular and sublingual glands were excised from the fatally nembutalized horses . Tissue species were quickly fixed in Bouin's solution and left for 16-24 hrs. They were then dehydrated in ethanol and embedded in Paraplast (Monject , St. Louis, MO, USA).
Immunohistochemical staining Antibodies to CA-I, II and III were separated from rabbit antisera by precipitation with 33070 (w/v) saturated ammonium sulphate solution . Each precipitate was dissolved in phosphate-buffered saline (PBS, 0.15M NaCl in 0.01M sodium phosphate buffer, pH 7.2) and the solutions were dialyzed against this buffer. The concentration of each immunoglobulin G (IgG) fraction was adjusted to 1.8 mg/ml. Normal rabbit IgG (1.8 mg/ml), prepared by the same method as above, was used as the control in place of the antiserum against CA isozymes. Deparaffinized and rehydrated sections 5 pm in thickness were cut from each tissue sample. Sections were pretreated with 0.3% (v/v) hydrogen peroxide-methanol to block endogenous peroxidase activity and with normal goat serum (2% (v/v) in PBS) for 20 minutes to block fragmentcrystallizable (FC) receptors. For the primary reaction, monospecific antisera against CA isozymes, diluted at 1:3000, were used to localize the respective isozymes. Following incubation in antiserum for 1 hour, binding of the antibody was assessed using a Vectastain Elite ABC-POD reagent Kit (Vector; Burlingame, CA, U.S.A.). Finally, the preparations were incubated with 0.02% (v/v) hydrogen peroxide and 0.1% (w/v) diaminobenzidine tetrahydrochloride (DAB) in 0.05M Tris-HC1 (pH 7.6) for 5 minutes. The sections were stained with hematoxylin, dehydrated through a graded series of alcohols and coverslips applied.
Results
The results obtained are summarised in Table 1. In the parotid glands, immunostaining localized intensely CA-II throughout the cytoplasm of serous acinar cells but duct segments appeared devoid of the CA-II isozyme. These segments, such as a striated duct or interlobular duct, showed reactivity with CA-I and CA-III antiserum. CA-III in particular selectively and predominantly present in the basal cells of the interlobular ductal epithelium (Figs. 1-3) .
In the submandibular glands, both CA-I and CA-II were noted observed in duct segments of the glands, CA-II being present only slightly. CA-III was especially localized and its reactivity increased in the basal cells of the interlobular ducts more than in striated ducts (Figs. 4-6 ). It was absent from the serous demilune. In the sublingual glands. CA-I and CA-II were positive in the serous dernilune. In duct segments CA-II and CA-III were positive and CA-I only slightly so. CA-III strongly stained in the basal cells as also in other two glands. The distribution of CA-III in striated and interlobular ducts was heterogenous, as indicated by staining some of the cells of these glands (Figs. 7-9 ). Control sections exposed to normal rabbit serum failed stain to any significant extent in areas considered immunoreactive sites.
Discussion
Regarding the immunohistolocalization of carbonic anhydrase isozymes in the salivary glands, a detailed description of them in the cow, the same large herviborous, was recently given by Asari et al., (1989) . In bovine salivary glands, only CA-II was located in serous acinar cells of parotid gland as also in horse, whereas the serous demilune of the submandibular gland lacked CA isozymes. In contrast, in the duct segments of parotid gland, only CA-III was present and in the duct segments of the submandibular gland, both CA-II and CA-III showed strong reaction. CA-I was essentially absent from these glands. Hennigar et al., (1983) reported the immunohistolocalization of CA-I and CA-II in rodent salivary glands. Serous acinar cell of the parotid gland in rats and mice, and those of the submandibular gland of rats were positive for CA-I and II, whereas in the serous demilune of mouse submandibular gland, they were positive only for CA-I and lacked CA-II. In contrast, in the rat parotid gland, CA-II was located in the duct segments, as indicated by heterogenous reaction. This region essentially lacked CA-I. In duct segments of the submandibular and sublingual glands of both species, CA-I and CA-II were positive.
Thus, a wide variety of cell types in which all CA isozyme are present indicates diversity of functions of these enzymes. CA activity may possibly serve different purposes, according to the biologic activity of different cell types. For example, the enzyme mediates proton release to the lumen apparently in exchange for Na by gastric parietal cells (Jacobson, 1978) and for K by intercalated cells of the renal collecting tube and distal convoluted tubule (Sato and Spicer, 1982) . Pancreatic duct cells also carry out oppositely polarized transport by secreting HCO3-into the main lumen of the duct (Jacobson, 1978; Kumpulainen and Jolovaara, 1981) . This study indicates CA-I and CA-III to be present in duct segments. It is well known that these isozymes in the duct segments of salivary glands have functions similar to those of CA in the pancreatic duct and kidney, providing H + and HCO3-in exchange for other ions in transcellular transport activity (Hennigar et al., 1983) . These findings indicate for ion transport activity on the part of these sites. The enzyme activity of CA-III is much less than that of CA-I which has lower activity than CA-II (Deutsch 1987 ) and thus the significance of CA-III itself is uncertain. Young et al., (1970) reported that transport of bicarbonate in the main excretory duct of rat submandibular gland cannot be blocked by carbonic anhydrase inhibitors and consequently concluded the catalytic hydration of carbon dioxide by carbonic anhydrase not normally to be a rate-limiting step in the ductal bicarbonate secretory process. However, salivary glands contain appreciable concentrations of carbonic anhydrase which in rat liver, resists the inhibitory action of acetazolamide. The enzyme in vivo is apparently inaccessible to this inhibitor. Although CA-I and CA-II are inhibited by sulphonamides such as acetazolamide, CA-III is only weakly inhibited by this regent (Deutsch 1987 ). CA-III may thus function importantly for ion transport in duct cells of the submandibular gland.
In this study carbonic anhydrase was found present in the serous cells of all salivary glands, thus indicating its primary function to be the secretion of macromolecules. It is consequently that the intracellular distribution of CA in exocrine cells corresponds to that of secretory granules which largely occupy at least the apical cytoplasm in the cell. The extracellular function of the enzyme may be related to the following activities: pH regulation, maintaining ion balance in the fluid and stabilizing macromolecules in the secretion process (Hennigar et al., 1983) . In horse, CA-I and CA-II iso7vmes present in serous cells may serve as secretory ptoduct in the oral cavity.
1 ri herviborous species, the major site of this function is the parotid gland, as has been noted in cows (Asari et al., 1989 ) and thus in many cases, they possess relatively large parotid glands. However, in horses the other two salivary glands may also be essential to this activity.
